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This application.. i». a continuation-in-part 
of Applications Serial No* 431,872 filed Mevesiber 6, 
10 1989 aiid Application Serial $0, 383,65 1 , filed July 
25, 1989. 



The field of the subject invention is the 
» of homologous recombination to modify ana 
activate genes, to produce cells which may serve a) 
1 versa! donors in cellular therapies Including 
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To protect vertebrates from disease and 
infection , elaborate protective systems have evolved, 

25 In mammals , the immune systems serves as the primary 
defense with smny different types of cells and 
mechanisms to protect the host, A wide variety of 
hematopoietic ceils exist, with the major protective 
lineages being lymphoid and myeloid. The irone 

30 system which results from ceils of the lymphoid and 
myeloid lineages is developed in vivo, so as to 
recognize self from non-self, 
situations where the 
as rhetimatoid arthritis, 1« 

33 certain forms of diabetes,, are evidence of importance 
to the host that only foreign agents he attached. The 
protective mechanism which protects the host from 
disease, as a result of invasion of viruses,, bacteria, 



or otter pathogens is also able to recognise cells 




m& t°* ^Compatibility complex ( MHC ) antics serve 
an important role. Bacfe host, has a personal sot of 



to 



distinguish that host from other hosts. The lymphoid 
system Is predicated upon recognition of the presence 
of such mc antigens as self. Where transplantation 
from another allogeneic host occurs, unless the 
transplant is matched with the host or the host is 
Immunocompromised., the transplant may be attacked and 
destroyed by the immune system. When a transplant 




to transplant cells into a recipient 
recipient's cells are missing, damaoe 
dysfunctional. When the host is 
there may be an interest In transfusing specific white 
cells, particularly T-cells, which may protect the 
host from various diseases, when the host lacks the 
ability to raise a defense against a particular 
disease, there may also be an interest in 
administering specific S-cslla or B-oells or 
precursors thereof which my supplement the host's 
Xn other cases, where 
5 islets of 
i in the case of diabetes, or ceils which 
secrete dopamine in the caae of Parkinson's disease, 
or bone marrow cells in various hematopoietic 
diseases, or muscle cells in muscle wasting diseases 
or retinal epithelial cells in visual disorders, it 
would be desirable to be able to preside cells which 
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could fulfill the desired function, in order for the 
cells to fee effective, ifeey must fee safe from attack 
by the host, so that -ohey may function without being 
destroyed by the immune system, it is therefore of 
5 interest to find effective ways to produce cells which 
may function, proliferate, and differentiate as 
appropriate, while being safe from attack by a 
recipient 's iismune systes?.. 

There is also substantial interest in being 
10 able to study various physiological processes in 

vivo in animal models . m m&tij of these situations, 
one would wish to have a specific ganefs) inactivated 
or introduced in a site-directed fashion. Where all 
or a substantial proportion of the cells present in 
IS the host would h* Mutated, the various processes could 
be studied. In addition, heterozygous hosts having 
one wild-type gene and one mutated gene could tee 
meted to obtain homozygous hosts, so that all of the 
cells would have the appropriate modification. Such 
20 genetically modified animals could serve for screening 
drugs, investigating physiologic processes, developing 
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A number of papers describe the use of 
homologous recoabinatioa in m»aiian cells , including 
human cells. Illustrative of these papers are 
Kucherlapati et al. , Free, Matl , tod, Sol, 
81" 3153-3137, 1984; Kucherlapati et, al,, Hoi, Cell, 
Mo, 5.714-720, 1985; Withies et al-7ltftture £7^30 
234, 1BB5} wake et al,, ml* Cell. Bio. $s 2080-2089, 
1985? Ayares at. al., Genetics 111; 375-3.88, 1985? 
Ayares et. al., Mgl. Cell. Bio. 7»165S-1<?62, X988 ? 
B °m f&* al-* Sroc. Satl. Acad, Sci. g§A 84*6820-6824, 
1987; Thomas et. al., fell 44*4X9-428 , 1986? Thomas 
and Capeccfei, Cell 51? 503-512, 198? ? Mandi et, al,, 
££2£* mi- SSM' Sci. gsA 85*3845-3848, 1988; and ' 
Kansoar et. al., & j£»348-352, 1988. 
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Evans and Kaufman , Sat t. 154-146, : 9 3 J ; 

Doetschman et ; al, , Mature 330 8576-578, 19S?j Thomas 
and C&pecchi, Cell 51; 503-512, 1987; Thompson st a ; L f 
Ceil 56*316-321, 1SSS; individually describe various 
.5 aspects of using homologous recombination to create 

specific genetic mutations in embryonic stem cells and 
to transfer these mutations to the germilne> The 
polymerase chain reaction used for screening 
homologous recombination events is described in Kim 

10 and Smithies, Nucleic Acids 8@g » 16*8887-8903, 1S8S? 
and Joyner et al. , Mature 328*153-156, 1989. The 
combination of a mutant polyoma enhancer and a 
thymidine kinase promoter to drive the neomycin gene 
has been shown to be active in both embryonic stem 

IS ceils and EC cells by Thomas and Capecchi, sagra, 



int} Nicholas and Berg {1983} in Texatocareinoma Stem 
Cell, eds, Stvex, Martin and Strikland (Cold Spring 
Harbor Lab., Cold Spring Harbor , m (pp. 469-497)? and 
Linney and Donerly, Cell 33? 633-699, 1983. 



Mutated mammalian cells are produced by 
homologous recombination, where the cells may be used 
as universal donor cells as a result of loss of HHC 



mutation. Particularly, by inactivating at least one 
allele of at least one mc antigen chain, e.g., p z ~ 
microglobulin r cells can be produced which have 
reduced capability for egression of HHC antigens and 
can be further used for complete removal of expression 
of at least one type of MIC antigen. The resulting 
ceils having reduced expression of HHC antigens may foe 
used as universal donors lacking markers for host 
(recipient) immune attack. The cells may also be used 
IS litro to interact with other cells* The chimeric 
animals carrying this trait may be used in the study 
of immunodeficiency. 
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antigens or the ceils are embryonic 
may be used to produce chimeric mass 




t cells which 
carrying this 
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Homologous recoMsinauion is employed for 
inactivation or alteration, of genes in. a site-directed 
5 manner, particularly a gene associated with an KHC 
antigen. Depending upon the nature of the cell, the 
ceil lacking at least on© .competent MHC antigen may 
find ase as & donor to an allogeneic host or if an 
embryonic stem cell,, may find use in the production of 
10 chimeric nuajaraalian hosts. 

Of particular interest: is the inactivation 
of at least, one, preferably both, copies of a eubunit 
of an MHC antigen, mors particularly, 
microglobulin, where a mutation in the p2™ 
15 microglobulin gene of an embryonic stem cell is 

produced, a mammalian host derived from, the embryonic 
stem cell may be used for investigation of the immune 
system and the role of Class I MHC sntigmn in that 
system, Of particular interest are methods which 
20 provide for cells lacking at least one mc antigen, 
Class I or Class ZZ, preferably Class x, which cells 
may serve a variety of functions in a viable host, 
The method involves transection of massmalian cells, 
particularly normal cells, of a predetermined species 
25 with &na associated with mm of the loci related to 
the p2 "microglobulin gene, the a-srcOwmit ( a ) of the 
Glass I or class II MHC antigens or the ^~subunit(s] 
of the Class II MHC antigens* The human Class II .MHC 
antigens are mA-m, m MSB DQ, where DR is of primary 
30 interest, 

The mh will comprise at least a portion of 
the gens (3) at the particular locus with introduction 
of a lesion into at least one, usually both copies , of 
the native gene(s), so as to prevent expression of a 
35 functional MHC antigen molecule, The lesion may be an 
insertion, deletion, replacement or combination 
thereof . When the lesion is introduced into only one 
copy of the gene being inactivated, the cells having a 




single nnautated copy of the target gene are amplified 
and may he subjected to a. sec««d trans format ion", where 
the lesion tmy be the same or different from the first 
lesion, usually different, and where a deletion, or 
replacement is involved may be overlapping at least a 
portion of the lesion or allele. The resulting 
are screened for the absence of a 

. of the cell may 
to ensure the absence of a wild- 
type target gene. Alternatively, homozygosity as to a 
phenotype may be achieved fey breeding hosts 
heterozygous for the mutation. 

Th©- cells which may be subjected to 
transformation may fee any mammalian cells of interest, 
which may find use in ceil therapy, research, 
interaction with other cells in vitro or the like. 
Cells of particular interest include among other 
lineages the islets of : 
ceils which may i 

' , T~ 
s, glial ceils, ganglion cells, 
retinal ceils, er&ryonic stem cells, liver cells, bone 
marrow cells, and myoblast (muscle) cells. 

These cells will fee selected to achieve a 
particular function and be introduced into a mammalian 
host or used for research, or other purpose, Also of 
interest will fee the stem cells which act as the 
progenitors for any of the above cells, which may fee 
the original progenitor or a progenitor cell which is 
already dedicated to a particular lineage, of 
particular interest will fee epidermal coils, such as 
keratinocytes, and retinal epithelial cells, and 
myoblasts and hematopoietic cells and other cells 
which may fee readily manipulated in vitro, maintained 
for long periods of time in culture and may be 
introduced into a hoet, where the ceils will remain 
viable and functional for long periods of time. 
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For embryonic atom cells, an embryonic stem 
cell line may be employed or wfoxyonLc stem ceils may 
h® obtained freshly from a host. The cells may foe 
grown on an appropriate fibroblast- feeder layer or 
S grown in the presence of leukemia inhibitory factor 
(XXf) and then used for mutation. 

The procedures employed for inactivating one 
or both copies of a particular MHC antigen will he 
similar, differing primarily in the choice of 
10 sequence, selectable markers used, and the method used 
to identify the absence of the HHC antigen, although 
similar methods may be used to ensure the absence of 
expression of a particular antigen. Since the 
procedures are analogous f the in&ctlvation of the p2~ 
15 microglobulin gene will be used as an example. It is 
to be understood that substantially the same 
procedures but with other genetic sequences will 
suffice for the a- and J3~subunits of the Class II HSC 
antigens . 

20 Dm constructs may be employed which provide 

for the desired introduction of the lesion into the 
cell, The constructs may be modified to include 
functional entitles other than the mutated sequence 
which may find use in the preparation of the 

23 construct t ampiif ieation, trans formation of the host 
cell/ and integration of the construct into the host 
cell . Techniques which may be used include calcium 
phosphate /DMA eoprecipitates , microinjection of m& 
into the nucleus , electroporation, bacterial 

30 protoplast fusion with intact cells? trans feet Ion* or 
the like, The Dm may be single or double stranded, 
linear or circular, relaxed, or supercoiled dn&. For 
various techniques for transforming maimsailan cells, 
(see Xeown et al., Methods in Etymology) . 

35 The homologous sequence for targeting the 

construct may ham one or more deletions, insertions, 
substitutions or combinations thereof . For example, 
the p 2 «-asicrogiobuliB may include a deletion at one 



site and an insertion at aaothfex site which includes a 
gens which may be used for selection, where the 
presence of the inserted gene will result in a 
defective inactive protein product. Preferably, 
replacements are employed. For an inserted gene, of 
particular interest, is a gene which, provides a 
marker, ©.g>, antibiotic resistance such as neomycin 
resistance, including G418 resistance. 

The deletion will he at least about §0 bp, 
more usually at least about 166 bp, and generally not 
mors than about 2.0 xfcp, where the deletion will 
normally include at least a portion of the coding 
region including a portion of or one or more exo&s r a 
portion of or one or more inttons, and may or may not 
include a portion of the flanking non-coding regions, 
particularly the S ' -non-coding region (transcriptional 
regulatory region), Thus, the homologous region may 
extend beyond the coding region into the 5 ' -non-coding 
region or alternatively into the 3 # ~»on~coding 
region. Insertions will generally not exceed 10 Jcbp, 
usually not exceed S fcbp, generally being at least 
50 bp, more usually at least 200 bp, 

ffee homologous sequence should include at 
least about 100 bp, preferably at least about 150 bp, 
more preferably at least about 300 bp of the target 
sequence and generally not exceeding 20 kbp ? usually 
not exceeding 10 fcbp, preferably less than about a 
total of S kbp, usually having at least about SO bp 
on opposite sides of the insertion and/or the deletion 
in order to provide for double crossover 



Opstream and/or downstream from the target 
tract may be a gene which provides for 
identification of whether a double crossover has 
occurred. For this purpose, the herpes simple virus 
thymidine kinase gene may be employed, since the 
presence of the thymidine kinase gene may be detected 
by the use of nucleoside analogs, such as acyclovir or 
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ganciclovir, for their cytotoxic effects on cells that 
contain a functional HSV-tk gene. The absence of 
sensitivity to these nucleoside analogs indicates the 
absence of the thymidine kinase gene and, therefore* 
where homologous recQjsMnati.cn has occurred that a 
double crossover event has also occurred. 

The presence of the marker gene inserted 
.into the ^-microglobulin gene establishes the 
integration of the target construct into the host 
genome. However, 0$?A analysis will foe required In 
order to establish whether homologous or non~ 
homologous recombination occurred » This can foe 
determined by employing probes for the insert and then 
sequencing the 5" and 3' regions flanking the insert 
for the presence of 0 2 -microglobulin extending beyond 
the flanking regions of the construct or identifying 
the presence of a deletion , when such deletion is 



20 with advantage in detecting the 
recombination. Primers may be 
complementary to a segues* 
complementary to a aeguence outside the construct and 
at the target locus, m this way, one can only 
obtain Dm duplexes having both of the primers present 
in the complementary chains if homologous 
recombination has occurred. By demonstrating the 
presence of the probe sequences or the expected sise 
sequence, the occurrence of homologous recombination 
30 is supported . 

fhe construct may further include a replica- 
tion system which is functional in the mamma liar host 
cell, For the most part, these replication systems 
will involve viral replication systems , such as Simian 
35 Virus 40 , Epstein-Barr virus , papilloma virus, 



Where a marker gene is involved, as an 
insert, and/or flanking gene, depending upon the 
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nature at the gene* it may have the wild- type 
transcriptional regulatory regions , particularly the 
transcriptional initiation regulatory region or a 
different transcriptional initiation region. Whenever 
5 a gene is from a host where the transcriptional 
initiation region is not recognised by the 
transcriptional machinery of the mammalian host ceil, 
a different transcriptional initiation region will be 
required, This region may toe constitutive or 

10 inducible, preferably inducible* A wide variety of 

transcriptional initiation regions have .been isolated 
and used with different genes » Of particular interest 
as promoters are the promoters of metal lot hionein- I 
and II from a mammalian host, thymidine kinase, p~ 

1S actln, immunoglobulin promoter, human cytomegalovirus 
promoters , and SV40 promoters, In addition to the 
promoter , the wildtype enhancer may fee present or an 
enhancer from a different gene may be joined to the 
promoter region . 

2 '9 The construct may further include a 

replication system for prokaryotes, particularly §, 
coli,, for use in preparing the construct , cloning 
after each manipulation, allowing for analysis, such 
as restriction mapping or sequencing, followed by 

2S expansion of a clone and isolation of the plasmid for 
further manipulation. When necessary , a different 
marker may be employed for detecting bacterial 
transf ormants , 

Once the sector has been prepared, it may be 

30 further manipulated by deletion of the bacterial 
sequences as well as linearisation, where a short 
deletion may be provided in the homologous sequence , 
generally not exceeding about 580 bp, generally being 
from about 50 to 3D0 bp. The small deletion will. 

35 generally be near one or other end of the targeted 
structural gene. 

Once the construct has been prepared and 
manipulated and the undeslred sequences removed from 
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• r the- tsndes c« t bact< Lai sequences , 
the DMA construct is now ready to fee Introduced into 
the target cells. As already indicated , may 
convenient technique for introducing the DNA into the 
target ceils may be- employed. After transformation of 
the target coils, many target ceils are selected by 
means of positive and/or negative markers, as 
previously indicated, neomycin resistance and 
acyclovir or gancyclovir resistance . Those cells 
which show the desired phenotype may then be further 
analysed by restriction analysis , electrophoresis, 
Southern analysis, polymerase chain reaction or the 
like. By identifying fragments which show the 
presence of the lesion{s) at the target gene site, one 
can identify ceils in which homologous recombination 
has occurred to inactivate one of the two copies of 
the target gene. 

The second construct will differ from the 
first construct in not necessarily requiring a marker 
le absence of the target MHC 
surface of the celle may toe used as a 
one nay again use insertions, deletions 
or replacements as lesions for modifying and 
inactivating the target gene. Similarly, on© may 
35 detect the absence of a Class II HHC antigen on the 
surface as evidence of the absence of expression of 
the particular Class II HHC antigen. 

Transformation of the cells in which one of 
the copies has been inactivated may then foe performed 
30 in the same or different way ..from the previous method 
of transformation. The resulting transformed cells 
may then be selected by the absence of the target HHC 
antigen on the surface of the cell. This can be 
achieved in a variety of ways. For example, one may 
35 use antibodies to any epitope of the target mhc 

antigen in conjunction with complement to kill any 
cells having the antigen, Alternatively, one may use 
conjugates of the appropriate antibody, particularly 
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monoclonal antibody with a toxin, such as the A chain 
of ricin, aforin, diphtheria toxin, or the like. 
Affinity chromatography may bo employed, where 
antibodies may fee used to rssao-ve calls comprising 'the 
5 target antigen.. The resulting coils which survive 
should fee free of at least one MHO antigen on their 
surface and now not foe as subject to transplant- 
rejection when introduced in vivo as wild- type ceils. 

The resulting cells will then b& screened to 

10 ensure that substantially no Class I mc antigens are 
on the surface. This may be achieved as described 
above by selecting for cells lacking the Class I MSG 
antigen. The cells may then fee grown in an 
appropriate nutrient medium for expansion and used in 

13 a variety of ways. For example, with heratinocytes , 
the ceils may fee used for replacement of skin in the 
Case of burns, where keratinoeytes may be grown to 
form a continuous layer prior to application. 
Similarly, the keratinocytes may fee used in the case 

3D of plastic surgery to replace skin removed from the 
host for use at another site. Other uses for the 



In the case of islets of 
may be grown and introduced into capsules or otherwise 
for insertion into a host for the production of 
insulin, m the case of retinal epithelial cells, 
they could be injected into the stiforetinal space of 
the eye to treat visual disorders such as macular 
degeneration. In the case of immune cells, they could 
be injected into the bloodstream or elsewhere to treat 
immune deficiency, in the case of myoblasts they 
could foe injected at various sites to treat muscle 
wasting, such as Duohenne's muscular dystrophy. 

Depending upon the nature of the cells, the 
therapy involved, and the disorder, the cells may foe 
employed as films , introduced in containers for 
maintenance at a particular site, or as solid masses 
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impregnated in Inert matrices or .independent of a 
*«atrix. The number of cells administered will vary 
widely, depending upon the particular application and 
the isaaner in which the cells are administered. 

Administration may be by injection, topical 
application, incision and placement,. In the 
appropriate location. 

For embryonic stem ceils, after mutation,, 
the cells may be plated onto a feeder layer in an 
appropriate medium., e.g. , fetal bovine serum enhanced 
omeh. Cells containing the construct may be detected 
by employing a selective isedinm and after sufficient 
time for colonies to grow, colonies may be picked and 
analysed for the occurrence of homologous recombina- 
tion, as described previously, the polymerase chain 
reaction may bo used., with primers within and without 
the construct sequence but at the target locus. 



be used for embryo manipulating and blastocyst 
injection, Blastocysts may fee obtained from 4 to S 
week old superovulated females by flushing the uterus 
3,5 days after ovulation. The embryonic stem cells 
may then be trypsiniaed end the modified cells added 
to a droplet containing the blastocysts. At least 
one, usually at least about 10, and up to about 30 of 
the modified embryonic stem cells may fee injected into 
the blastocoel of the blastocyst. After injection, at 
least one and not more than about is of the 
blastocysts are returned to each uterine horn of 
pseudepregnant females. Females are then allowed to 
go to term and the resulting litters screened for 
mutant cells having the construct. The blastocysts 
are selected for different parentage from the 
transformed es calls. By providing for a different 
phenotype of the blastocyst and the ss cells, 
chimeric progeny can fee readily detected, A 
particularly useful phenotype is hair color, although 
&y be used or, if r 
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genotype, probing for ■•£&<&. presence of the modified 



The pups will, usually foe born 16.-18 days 
after introduction of the blastocysts into fostar 
saothera. The chimeric animals are screened for the 



use are mated. 
: cells and 



females comprising the transformed g 
The homozygous progeny lack Class I 
mature CDS T-ee.Us (TCR dp), 
10 The mammals may .be any non-human mammal, such 

as laboratory animals, domestic animals, pets, etc. 

The fallowing examples are offered by way of 
illustration and not. by way of limitation. 
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Cells 



2 5 




from the skin of a 

are rinsed in serum-tree medium and minced into small 

ar& treated with trypsin and 
the resulting single cell suspension washed and plated 
on 3T3 fibroblast feeder layers. EGF {§ ng/ml) is 
added at the end of five days. The cells are 
maintained in media supplemented with hydrocortisone 
30 (10-6K), cholera toxin {10-?K}., insulin (5 ng/al), 
transferrin (5 ng/ml) T3 (2 x 10-Bh) and 20% fetal 
calf serum, Unused cells are stored in ligald 



Human epidermal keratinocytes are isolated 
using a fresh skin sample from a circumcised skin as 
the source of the keratinocytes. The sample . 
treated substantially as described above « 
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The ffioase and human ^-microglobulin genes as 
isolated and characterised by Parnes and Seldman, Cell 
29*661-669, (1S82) an* Gussow, et al., J, Immunol , 
S 138*3132-3138 (198?}, respectively, are employed for 
homology, 

Construc^iLoOnaetivatlCtt Vector 1 

The inactivatioa vectors are constructed 

10 tram 4kb Hind i IX fragment of the genomic B&A which 

encompasses the second, third and fourth eatons of the 
^-microglobulin gene, The 4kh Hindi II subcloned 
into pBR322 is digested with BcoRI and the selectable 
neomycin phosphotransferase (»«o») gene inserted* The 

1.5 neoH gene is obtained from pSV2neo (Southern and Berg, 
S»i> ££Ei* Genet. 1*332, (XS82)), The resulting 
vector is called B2K01. 

Construction of . Inastivation Vector J , 
20 The starting pMsmid for the construction of 

the second vector is E2KQI* In this case, the herpes 
atopies virus type X thymidine kinase gen© is inserted 
at the MndXIX site of 82K01- 

25 la&£tizatjon.ol. One Copy of ffa -Microglobulin 

The t>m which is used for transformation in 
the first or second stage comprises the inserted 
sequence with flanking homologous sequences from the 
cloning piasMd B2K01 and the same sequence flanked at 

30 one end by tk gene free of the bacterial plasmld Dm, 
The resulting DM fragments are purified by ethanol 
precipitation and cleared by passage through a 0,22 
micron filter. The is isolated by conventional 
means and introduced into the keratinocyte cells by 

35 microinjection (Cajwcchi, Cell 22s 473-488 £1980} « 

Approximately 5-50 copies of the Dm constructs are 
Injected into each nucleus. The cells are then grown 
in selective medium comprising 160 ^g/ml of 64X8 
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(Genetiein, Gibco :bahsj. For the second construct , 
the ceils are also plated in Gancyclovir ( Syntex Corp, 
Palo Alto, CA) or Ayclovir (Staomwv-Stel Icome , Research 
Triangle Park, NC) , Calls from colonies are Isolated 
and analyzed by the polymerase chain reaction and 
Southern blot hybridisation. Cells demonstrating one 
copy of. the /^-microglobulin being inactivated are 
used for knocking oat the second copy, 

l^tlyatiQn. ,., og ,.... ^ Seeosi d Copy of the pi- 
MlgxcjO ohulln Gene 

mm 

Cells obtained from above with a single 
inactivated ,02 -microglobulin gene are mieroinjected 
as described afeove with the modified B2KQ2 plasmid and 
calls resistant to Gancyiovir or Acyclovir isolated. 
Cells which lack Class I gene expression are isolated 
by combining the cells with monoclonal antibodies 
specific for ^-microglobulin and complement as 
described by Parish et ai< (1S?4> Ear. J, r«m»™m .. 
±%%m» Resulting viable ceils are grown in selected 
medium and passed through an affinity column of the 
same monoclonal antibodies, The column is prepared as 
described by Harlow and bane, 1988, Antibodies s A 
Laboratory Manual, CSH Press. Southern blot analysis 
of the ceils is performed to establish the proper 
locus of integration. The cells are then expanded and 
stored for further use. 



Generation of MtajalaBSSJgO^ 

The resulting ceils lacking Class I MHC are 
used to grow a monolayer of keratinocytes as described 
by Eheinwald and Green, Cell 5*331-343, 1975. This 
layer is transplanted onto allogenic mice as described 
by Rheinwaid and Sraen, 1375 f supra. The cells adhere 
to the surface and grow to provide a protective skin 
layer. 
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Following the awm procedure as described 
above for @2 -microgiobu ii n the HLA-.DR genes Bay be 
inactivated by employing homologous sequences flanking 
the a-subunit of the HIA-PR gsne of the host cell, in 
5 this way cells which have the Class IX MHC antigen or 
may have the capability to have the expression of such 
antigen indneed are prevented from expressing the 
primary Class II antigen associated with the cellular 
immune response, 
10 In the next study, embryonic stem cells were 

modified by homologous recombination with one of the 
@2 -microglobulin genes * 

Materials and Methods 

15 

The plasmid pXCfaB contains the entire p2M 
gene within an 8.4 kbp Xhol fragment (Oz&to and 
Orrison, f^^^h^J^^^A WBft 82? 242 7-2 431, 

20 1983; Warner et al, , Bio> Reprod, 36 s 81.1-616, 198? J. 
The 5'XhoI to BsmHX fragment of this gene was 
subeloned into pt?C19, Two Konl restriction ensyme 
sites f one in the S' flanking mik and the other within 
the first intron, were removed by digestion with Kpn l 

2S followed by treatment with T4 polymerase end re- 

ligation, A unigue Clal site was created in axon 2 by 
partial digestion with EcoRX followed by treatment 
with Ilenow polymerase and ligation with Cl&X linkers, 
The 1150 bp Xhol to HI fragment of the plasmid pMCl 

30 J?eo (Kim and Smithies, Sacleic Acid Res, 18*8887- 

8903, 1988), containing a neomycin gene driven by the 
Herpes simples virus rhymidiae kinase gene (HSV-tk) 
promoter and a polyoma enhancer, was inserted via 
linkers into this Clal sit®. Two plasmlds, £$5.2,3 

35 and €63,5.9, were obtained that differed in the 

transcriptional orientation of the inserted fragment 
with respect to that of the /^-Microglobulin gene, 
The S * Xhol to J£pnX fragment of each of these was 



18 

cloned into p0C19 la order to obtain the targeting 
vectors msec! in our experiments - In plasmid CS4.48 
the 5* to 3 f orientation of the neomycin and ,02m 
promoters is identical. The opposite configuration 
occurs in plasmid C84,2B. 

y^^«J>£^£L^i,..oi BS Cell s 

ES call line E14TG2& (Savricki er al . , 
294*450-451, 1981) was cultured on mitomycin*- 
primary embryonic fibroblast* feeder la^rs 
ally as described (Qstrand-Hosenberg et aj,,, 
S&tl, Acad. Scl. ££« 5084-5088 r 1989). The 
embryonic fibroblasts w« prepared from embryos from 
C57BL/6 females that had mated 14 to 17 days earlier 
with a male homozygous for a neomycin transgene (Evans 
and Kaufman, Mature a|2« 154-156, 1581} ? these colls 
are capable of growth in media containing G418. 
Biectroporation conditions were similar to those that 
maly (Doetsc&man at al, , 
330*576-578, 198?}. ES cells were trypsiaised, 
ended in cult™ media at a conceatration of 
4x10 /ail aad electroporated in the presence of the 
targeting Dm at a concentration of !2nM in the first 
experiment and SnM DMA in the second, A voitane of 
300 V with a capacitance of 150-250 aF was found 
optimal, with an alec tr operation cell of 5 tm length 
aad 100 mm2 cross section, SxlOS eiectroporated ceils 
were plated onto mitomycia-treated fibroblasts in 200 
to dishes in the presence of Duibecco 1 s modified 
Eagle's media (mm) ^upplBm^ntMd with 15% fetal 

(FBS) and 0.1 mH 2-meroaptoethanol , Th® 
24 hr after eiectroporation with 
containing 200 ^g/ml 6418. 




ES colonies visible 10-14 days after 
eiectroporation were picked with drawn out capillary 
pipettes for analysis using the peij 



m 

reaction (PGR), Half of picked colony was saved 

in 24~well plates already seeded with mitomycin- 
treated feeder cells, $he other halves, combined In 
pools of 3-4 f were transferred to Bppendorf tubes 
containing approximately 0,5 mi. of PBS and analysed 
for homologous recombination by PCR. Conditions for 
PGR reactions were essentially as described (Mnney 
and Donerly, Cell 35* 693-699 , 1983). The ES ceils 
were pelleted, resu spended in 5 s ul of phosphate 
buffered saline (PBS) r and iysed by the addition of 55 
/*1 of H,->0 to each tube* DS&ses were inactivated by 
heating each tube at ?S*C for 10 min, After 
treatment with proteinase K at S5®C for 30 min, 30 pi 
of each lysate was transferred to a tube containing 20 
/»! of a reaction fixture including FCR buffer, 1.5 
of each primer, 3tf of Tag polymerase, 10% DMSO, and 
dATF, dCTP, d&rp and &TTF each at 0.2 mM. FCE was 
carried out for 55 cycles using a therxnocycler 
modelled after one described previously fKim and 
Smithies, supra, 1988), with 65 seconds melt at 92«C 
and a 10 min annealing and extension time at S5»G, 
The tw priming oligonucleotides , T8GCGGACCGCTATAGGAC 
and GATGCTGATCACATGTC'f CG correspond respectively to 
sequences located 650 bases 3* of the start codoii of 
the neomycin gene and. sequences located in exon 3 of 
the p 2 m gene, 20 $1 of the reaction mix was 
electrophoreses, on agarose gels and transferred to 
nylon membranes (&eta Bind). Filters were probed with 
32 P-Xabelled 450 bp EcoRI to Kpnl fragment of the p^m 



Genomic DH& was prepared from SS cells , 
whole new born mice, and motsss tails by conventional 
methods < DS3A was digested with restriction ensymes as 
directed by the manufacturers and fragments were 

irated on 0>?% agarose gala, DMA was transferred 
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to ng%oa 
fragment 



and probed vitii the 32 f labelled 
above. 




3 Mica ware purchased from either Jackson 

Laboratories (Bar Harbor, ME) or Charles River 
{Raleigh, HC) . C57BL/6 blastocysts were obtained from 
3 to 4 week old supeOTulatad females, titer! were 
flushed with m media (Joyne* et al,. r Mature 33f , 
IS 1S.3~156, 1983) 3.5 days after ovulation.. Blastocysts 
were collected., washed sswrnl times in fresh H2 
media, end placed in a 100 ftl droplet of m under 
paraffin oil, SS cells were trypsiniaed, washed once 
with fresh DHEM media and diluted to approximately 
IS 2xl0 6 cell/ml. 5 pi of cells were added to the 

droplet containing the blastocysts. 10 .to IS ES cells 
were Injected into the 2>X«»«ocoei of each blastocyst. 
Following injection 6 to § blastocyst were returned to 



x DBA F x and C57m/B * CBa ^ mice proved to be 
excellent foster mothers, yielding a pregnancy rate 
close to 100% and able to raise small litters. 

25 3g£M3y&S^^ IS cells 

•Two independent targeting experiments were 
carried out, m each, "2xl0 7 cells were electroporated 
in the presence of the incoming DMA s and were then 
cultured in media containing 64 18. After about two 

30 weeks, 64 18 resistant colonies ware readily apparent, 
& portion of each colony was then transferred to an 
individual well of a 24~well plate, while the 
remaining portion was pooled with portions from two to 
fcmr oth< ^ colonies for PCE analysis . In the first 

3S experiment, one pool gave a positive PCR signal out of 
32 pools that included a total of 100 6418 resistant 
colonies, The three individual colonies that had 



each uterine born of 
days previously with 




2yst were returned to 
at females mated 2,5 
males. Both C57BL/6 
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contributed to this positive pool were analysed 
individually by PCR f and a positive clone, BS39B, was 
identified. Similar analysis of 134 G4I8 resistant 
colonies obtained in the second m&zxtemnt also 
5 yielded a clone,. ES22A, which derated the 910 bp DHA 
fragment indicating successful targeting when 
subjected to PCS. 

In order to verify the targeted disruption 
of one copy of the #gx gene, (the gene is autosomal 
10 and present in two copies), the two PCS positive 

clones , E$3'$S and SS22A, were expanded, and their DM. 
was isolated and then analysed by Son them blotting 
using a probe that detects sequences from the second 
skos and part of the first intron of the p^ta gene , 
IS Patterns obtained with the restriction enzymes Xhal , 
gggpl and 3t$m X match those expected if one of the two 
copies of the p^m gene had been disrupted in the 
planned manner in the FCR-possitive clones. That is, 
one mm fragment identical in sisa to that present in 
2D untreated cells, was present in untreated ceils, tent 
of decreased intensity in the PCR positive clones, 
with all three enzymes , An additional fragment of the 
sise predicted for a homologous recombination event 
was present only in the PCR-positive clones . The 
25 insertion of the neomycin gene in the second axon by 
the recombination results in an xbgx fragment 
detectable with the specific probe that is 
approximately 1 Ids longer than the equivalent 
fragment in the native locus.. A new BawBl sit© is 
30 introduced into the locus by the tar getting Dm, 

reducing the sisse of the flaatHI fragment detected by 
the p t m probe from 10,6 kbp to 900 bp. A new 
fragment is also seen after KpnX digestion. In ES33S 
Kpni fragment is 7 kfo in length, as predicted by a 
3S crossover between the 5* end of the targeting planmid 
and the native locus . m ES22A this new Kgni fragment 
is 4,0 fcb in length, which indicates that the deleted 
Kgp sites were not incorporated into the locus. This 
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observation indicates that one of the crossovers in 
cell line ES22A resolved between the third Kpnl site 
of the native locus and the Inserted neomycin gene of 
the incoming presumably &£ ter branch migration of 

a crossover intermediate. Although the 5 f crossover 
sites differ, both modified, cell lines now contain a 
P 2 m ® mm disrupted, in the planned way fay insertion of 
a neomycin gene in exon 2* Re-hybridisation of the 
filter used far the autoradiography with a probe for 
the neomycin gene shows that the only bands that 
hybridise are those predicted by the structure of the 
construct * 



£iy^£iS^f|lgring of ^aj^^mc^M 

The two ES cell lines carrying the 
inactivated /8 2 » genes are expected to allow the 
introduction of this mutation into the mouse pasline, 
Toward this end, we injected ID to is cells into 
€5?BX,/8 blastocysts. Babryos were reimpi anted into 
mBum^mmmt. females. Because the ES cell line 
E14$02a was isolated frost strain IMfOU embryos, it 
and ail cell lines derived from it are expected to 
characteristic of this 
Include the dominant fc w allele at 
locus, the recessive chinchilla allele at 
the recessive p-ailele (pink-eyed 
dilation) at the p-locua (Qoixm gt al, t d^J^rod^ 
£§«iL ££s 161-168, 1381). Contribution of ES cells to 
the mesoderm-derived portions of hair follicles 
results In an agouti coat. Hair follicles to which 
melanocytes of MB cell origin (and therefore carrying 
the p and c ch nutations} have migrated produce cream" 
colored hairs. Both of these coat colors are easily 
distinguished from the solid Mack coat seen in pups 
from non-agouti C57BL/6 host blastocysts. " 
! than 7.0% of surviving pupa are 
intensity of the 8,1 XbaX band 
diagnostic of the targeted j^m locus shows that the 
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Modified ES cells contributed extensively to the 
tissue of Ms animal, 

5 Three to four week old C57BL/6 female mice 

were superovwlatsd by the sequential injection of FMS 
&nd h£G and Bated with fertile males of similar 
strain. Four days after mating, the female mice were 
sacrificed, and blastocysts obtained by flushing the 
10 uterus with MS media. The collected blastocysts were 
transferred to a droplet of the same media that was 
submerged in paraffin oil and also contained some 
SS22& cells. These ceils had been prepared for 
injection by tryps inflation followed by washing and 
15 resnspandlng in M2 media. Ten to fifteen ES22a ceils 
were introduced into the blastocoel of each blastocyst 
using standard micromanipulation techniques. The 8$ 
ceil containing blastocysts were then transferred to 
the uterus of a pseudopregnant foster mother, foster 
20 mothers wars* obtained by mating Bg/D2 females with 

vasactomised male mice. Females which had mated 2,5 
days prior to the date of transfer, as asserted by the 
presence of a vaginal plug were used as foster mothers 
for the SS cell containing blastocysts. Development 
25 of the blastocysts continues in vivo and pups were 

generally born IS- 18 days later. The contribution of 
the ES cells to the offspring could be judged 
visually by examination of the coat color of the pups , 
The blastocysts were obtained from C5TBL/6 mice, which 
30 are solid black in color. The SS ceil line 

the parental line from which BS22a was derived was 
isolated from 123 /Ola. mice. This mouse strain is 
cream in color,, the combined effect of three coat 
color genes, the dominant A* allele at the agouti 
35 locus, recessive pink~eyed~dii»te allele at the p 

locus and the recessive c ch at the C locus. Offspring 
in which the BS22& had participated in the formation 
of the animal had coats containing brown and cream 
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hairs. About 80% of the pups from blastocysts 
containing ES22a ceils shewed some degree of coat 
color cMmerism, 



15 



If ES22a cells contribute to the gonads the 
animals would be expected to generate sperm which 
contain the SS22& genome and pass it on to .Its 
offspring. The ES22a genome is homozygous for the 
dominant color coat marker A w , If the chimera is 
mated with an animal that is non-agouti such as a 
C57BL/6 or ES/D2, offspring that arise from sperm or 
ES cell origin can fee distinguished from those derived 
from sperm or blastocyst origin by their coat color, 
50% of these agouti animals would be expected to 
inherit the mutated fi^x gene. These can be identified 
fey analysis of DM isolated from the tails , i m of 
tail was therefore removed from the agouti animals, 
and DBA prepared by standard techniques » PKA was 
digested with either the restriction ensyste JCbal or 
HindXI 1 and analysed fey Southern blotting and probing 
with a radionctively labelled fragment of the 
gene, The presence of an Xhal or Hiadlii fragment 1Kb 
larger than that found in control mice is indicative 
of the presence of the mutated fym gene in the animal,. 



30 ^d female animals whose m& indicated 

that they were carrying one copy of the mutated p^m 
gene were mated. Offspring of these matlngs were 
again analysed for the presence of the larger Ibai or 
KindXll fragments. As expected one quarter of the 

35 offspring from such ratings were homozygous for the 
defective gene. These animals now represent a new 
mouse strain which carries the mutation that was 



25 

originally introduced by hqjsolpgous • recombination into 
the SS call Bl4TG2a. 



'"'^ r - 9S-.M ^..M...-/- Mice 

To determine whether as expected., the 
mutation of the /? 2 » protein rms^Xted in loss of class 
I expression,, two mafmrnX* hoissosygous for the 
mutation were sacrificed and examined for the 
presence of cell surface class I expression. Ceils 
isolated from lymph node, spleen and thymus were 
examined with monoclonal antibodies directed against 
the Class I antigens h-2K*> and H~2Db. Both 129 /Ola,, 
the moose strain from which the BS. cell line was 
derived and C57BL/6 the strain with which the chimera 
giving rise to these animals had been mated, express 
the H~2° hapiotype. m staining above background was 
seen with colls obtained from the homozygous fi^a ~/~ 
mice in any of the tissues examined, therefore, as 
predicted, the inactivation of § 2 w gene resulted in an 
animal that fails to express Class I antigens at the 
cell surface. The animals appeared healthy and could 
not be distinguished visibly from their litter mates. 

The effect of lack of class 1 antigens on 
the maturation of T~eells was examined by isolating 
and staining thymocytes with antibodies that delineate 
various stages of T~ceii differentiation, The data 
showed that the CD4~S~ f and COM- coil 

populations in the thymuses of normal, p 2 m ~/~, and 
heterozygous animals are identical. In contrast, the 

populations differ between animals of the 
different genotypes* cells represent 10% of 

the cells of the normal thymus but less than 1% of the 
cells in the thymus of the j^m mice. Interestingly, 
the ntn?ibe.r of these cells in the heterossygote is also 
somewhat reduced. 

& determine whether the absence of the 
Class I genes affected the maturation of T~ceils as 
indicated by the expression of the t cell receptor 
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genes f thymocyt.es were stained with antibodies 
directed against sitter TCm,p or receptor, no 

significant differences in the profile! of «•£ cell 
receptor positive cells was seen in p^m «/~ animals 
compared to -normal, indicating that Class I antigens 
are not needed for the maturation of thymocytes to TCS 
bearing CM +8*, or CD4*8- cells, 

Hext, peripheral T~cells were examined for 
expression of TCR end C84 and CDS. The yields of 
T-ceiis beating *p TCRs from the spleen and lymph 
nodes of animals lacking p 2 m were not significantly 
different from those of normal litterssate controls. 
Between 20% and 32% of all It-cells bearing TCRs 
also bore CDS in p^en */♦ and +/- animals, Although 
CD4-, thymocytes were somewhat depleted in p^m 

heterozygous animals, the level of peripheral C08+ T~ 
cells in these mice were comparable to those of 
normal littermates. By contrast f virtually .none of 
the %p TCR-beariag Shells expressed CDS in animals 
homozygous for the p 2 m mutation. A preliminary 

done to find oat whether the few ap T~ 

in the staining procedures . T~ceiis from these 
anixsais were therefore grown for several days on 
plastic coated with anti-CD3 antibody and in 
inter leukin~2 f a procedure which of tan stimulates the 
proliferation of CDS-f iVcells preferentially. CDS 
bearing a/S+ T~ceXis did not appear in greater numbers 
after such treatment, although 70 bearing T cells did 
grow out. The conclusion is that CDS*, %p ceils are 
virtually absent in animals which lack Class 1 KHC 

d ON-ceils from spleen and lymph 
for expression of 7$ TCRs. 
of these cells wera similar in p^n «/- 
mice and controls. An outgrowth experiment 
(described above) shoved that the 7 S~bearing cells 
from p 2 x& could proliferate and, moreover, preliminary 
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examination of these cells indicated that about a 
quarter of them bore CDS. Therefore these studies 
indicate that 7 5 T-cella may not require Class I 
expression for their existence, even if they also 
5 bear CDS, 

In accordance with the above results , ceils 
can be provided which will not be subject to immme 
destruction as a result, of the presence of Class I mc 
antigens. The cells may f ind iMe use, since they 
10 will not be subject to issmme attack when introduced 
into an allogeneic host, while they will still be 
capable of functioning in their native manner, in 
this way, a wide range of diseases resulting from the 
loss of number and or function of ceils may be 
15 treated, where the introduced cells will survive, 
multiply and function, Therefore, not only may 
diseases as a result of barns, abrasions, pathogens or 
the like be treated, but also diseases as a result of 
genetic defects* 
20 also, embryonic stem cells may foe modified 

by homologous recombination to provide for ehiaoric 
mmmllm hosts. The chimeric mammalian hosts may 
then be selected and used for breeding to produce 
homozygous hosts lacking the inactivated gene. 
25 All publications and patent applications 

cited In this specification are herein incorporated by 
reference as if each individual publication or patent 
application were specifically and individually 
Indicated to foe incorporated by reference, 
30 Although the foregoing invention has been 

described in some detail by way of illustration and 
example for purposes of clarity of understanding, it 
will be readily apparent to those of ordinary skill in 
the art in light of the teachings of this invention 
3S that certain changes and modifications may be made 

thereto without departing from the spirit or scope of 
the appended claims. 
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1. A mammalian cell lacking at least one 
major histocompatibility complex (MIC) antigen as a 
result of introduction of a l«si©» at each of the loci 
of one subunit of said antigen toy transformation of 
said marmnalian call with at least one DMA construct 
comprising a saqnenoo homologous with at least a 
portion of said loci and said lesion and integration 
of sa; - 



2, A mammalian, cell according to Claim 1, 
wherein said MHG antigen is a Class I antigen. 



4 f a mammalian cell lacking Class X major 
histocompatibility complex (HHC) antigens as a result 



of introduction of a lesion at eaen of the p 2 
microglobulin ioci by transformation of said* 
cell with at least one DN% construct comprising a 
sequence homologous with at least a portion of said 
loci and said lesion arid integration of said construct 
at said loci. 



5« A mammalian cell according to Claim 4, 
wherein said cell is an epidermal cell. 



6, A mammalian cell according to Claim 4, 
wherein said lesion is an insertion of a marker gene 
in the coding region of said ^-microglobulin loci., 

i cell according to Claim S f 
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8, A mammalian cell according to Claim 4 f 
wherein each of said loci have a dt'f f aren't lesion. 



3* A mammalian cell according to Claisa 4, 
wherein said call is marine, 

10. A mammalian call according to Claim 4, 
wherein said call Is human. 



11. A method for producing a nsasnjsaliar: ceil 
lacking at least one major histocompatibility antigen 
as a result of .introduction of a lesion at each of the 
loci of a sufeunit of said antigen by transformation of 
15 said mammalian cell with at least one DMA construct 
comprising a seguence .homologous with at least a 
portion of said locus and said lesion and integration 
of said construct at said loci, said method 
comprising* 

20 transforming a host cell with said D&& 

construct,, wherein said: construct comprises a matfeer 
gene for selection of host cells comprising said DMA? 

screening selected cells comprising 
said construct for homologous integration? 

as transforming cells having homologous 

integration with said construct? and 

selecting cells lacking said MHC 
antigen on the surface by the absence of said MHC 
antigen. 

30 

12, A method according to Claim 11, wherein 
said MHC antigen is a Class I antigen. 

13. A method according to Claim 13, wherein 
35 said locus is the ^-microglobulin locus. 



14. A. method according to Claim 11, wherein 
said mc antigen is a Class II antigen* 
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15 ♦ A method according to Claim u, wherein 
said lesion is an insertion of a marker gens in at 
least one of said constructs „ 

5 

16, A method according to Claim 13, wherein 
said selecting of ceils lacking ^microglobulin is 

by using a cytotoxic agent specific for an epitope of 
a Class I MHC antigen, 

10 

17. & method according to Claim ll.. t wherein 
two different constructs are employed for the two 

of 



15 IB. A method according to Claim 3,7 r wherein 

each of said constructs comprises a different marker 
for selection of transformed ceils. 

19. ft method according to Claim 18, herein 
20 one of said markers is resistance to neomycin and the 
other of said markers is sensitivity to acyclovir or 



prisi i 

25 Claim 1, 

21. 



20, 



3u 22, A method for treating a wound which 

comprises t administering, to said wound,, tisane 
according to Claim 21, 

23. A Dm construct comprising at least 
35 50 .bp of a sequence homologous with a locus of a 
suhunit of an WiC antigen flanking a sequoia 
a marker gene capable of expression in a mas: 
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24. A DBA construct according to Claim 23 , 
wherein said MHC antigen is a Class I antigen. 

5 2S. A D*?A construct according to Claim 23, 

wherein said MHC antigen is a Class XI antigen. 

26. A m& construct comprising at least 
SO bp of a sequence homologous with the p 2 - 

10 microglobulin locus flanking a sequence encoding a 

marker gene capable of expression in a nauamali an host. 

27. A DBA construct according to Claim '2$, 
wherein said marker gene is antibiotic resistance. 

IS 

28 . A Dm const™ t according to Claim 27, 
wherein said homology is at least in part with the 
coding region, 

20 29. A OK& construct according to Claim 28, 

wherein said homology is at least 200 bp and comprises 
a region comprising «xcms 2 to 4 of said ^micro- 
globulin locus. 

25 30 ' m embryonic stem ceil comprising a 

marker gene inserted into a chromosomal gene. 

31. An embryonic stem cell according to 
Claia 30, wherein said marker gene is 04 IS resistance. 

30 

32, An embryonic staa cell wherein said 
sto the ^ 2 ~microgiobui in 
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least 50 bp of JM& sequence homologous with a sequence 
of & target gene present in a chromosome of said 
embryonic stem cell under conditions where said 
construct becomes integrated by homologous 
recombination? 

selecting for embryonic stem cells 
comprising said construct integrated Into said target 
gene to provide selected cells ; 

introducing said selected cells into 
the blastocoel of a blastocyst of said mammal; and 

growing said blastocyst into said 
chimeric mammal „ 



34. A method according to Claim 33, wherein 
said selecting is by means of said marker gens and 
polymerase chain reaction. 

35. a -method according to Claim 34, wherein 
said polymerase chain reaction employs two primers, 
one primer within said construct and one primer 
external to said construct but at the locus of said 
target gene. 

36. A method according to Claim 33, wherein 
said target gene is /J 2 -*dcroglob»Ua. 

3? . A non~human animal characterised by 
lacking Class 1 major histocompatibility comoieat 
antigens. 



38. A animal according to claim 37, 
wherein said animal is a mammal. 

39. A animal according to claim 38, 
wherein said mammal is a mouse. 
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40. A mouse ch&rmt&x±md by the incapable 
of producing functional .^-microglobulin, lacking 
Class I major kistocompatiMiity complex antigens, and 
lacking mature CDS* V lymphocytes. 



INTERNATIONAL SEARCH REPORT 
_ 



msh < i*~ lassa'cii 5/a:irc^ri5/i2«'Tbi k 5/cxy am is/m 



APA , CAS, BIOSIS 

TO m SaSVASTii 



rtl . "Exs t ?-s s f huftvgn iaa T i 5 s > 
h i si »ui a.u 1 ! > 3 

retrovirus vector a" , pages 2150-3154., see 
aba f moc - 

- t.-»*<Hnv) Clonal %<;*de«i Sol*™*!* 23,2 
V<r«lww» 85, issued Octobwr 1988,- Chamber.! ain 2.5,; 

al , "Tia;U;a--apeci?:ic and c*ll surface 
expression of huw*m major 
h i h r.ncomp* c lb 1 1 i try c.m?f,] e; c 1 aaa I hea vy 
(HLA-B?) a Ml light < ! ^ ^ ^ ! 

in transgenic mice" , pages 7690- 



s abstract. 



tiers 



. i r i 



an rigs? as by ■■ 

mor»K<?y , foxit. S)Osae, 
see abat. ract, pag^ 



?lla 
7^-0, 



i. « 





0? MDvember I §90 


03 JAN 1991 






LSA,V5 





Journal "\ > ^- ,. Voluoe ifi"?; 23,26-; 

iaan^d February 1988, ilaong at si- • 24,23 

"Resce r>«udi Cell HI. A Expression By 
Trm&f e<-bl : on of r.he Mcyr«3 6 

<> 1 " ; . - * •> g-^ ^ | 
rtbsrr<5i"iy pan >•• 589, ; 



Journal of ljBff!UiK>!ocfv. Volume 141, issmecb 23,24,26-29 

B-v-xioroglobul in specifically enhance 
c<-ai~surfac« expression of HLA class T 
fixxl s;snii«s in Transf ected Marina Cells.." : 
pag^s 1581-1 i§<?, <<;->e abstract, csg* 1.384. 

v.:un r*:.. volume 338, i salted 59 March 1989, 30,31,33-35 
Zimmer et al. "Production of chimaeric 
mo-e containing ^hrvonie stem (ES) cells 
earrylng a homoeobov Hex 1-1 allele 
ol 

"pages 150-1.5$, see abstract. 

Nature, vo.Hm«s 336, issuad 24 5'ovembar : 30,31 
Wm, ^ansaur at al . "Disruption of tha i 53-35 

iOi > en rn< ;r ivjbtf 
stea? cells; a general strategy for 
targeting mutations to non-selectable 
genes" pages 348-152, see entire tfont3?aent- 



PGT/US90/04I7S 



achssent To P07/IPEV21*" 1 
claims ] 22 drawn t<> «i-5 ^m^s I i ; <n : •••>.•:••• lacking '- : 'K' --iut 

-'tv t t » 1J - -> ll *\ . ti^^ 1 t ' t Oj 

^'■i^pri aluy f>ai« : 1 1 .? Yn r- :: -~o -'> ! ind^, ol^is^iC lad it 
4>S ; < xi-^ 340.3 and Class 424, > > " 

Cl-U^s 2- 29 -and n-'>& -Ira-Mi r-> - : ' PVX --ouarr^o 1 1 : - "5 
f«"n- Tisaking oh^tasn if I* (•■■dng a .-.dollar f.>v~ 

. m i f v l ^ , " > ' i 7 

rl<?i»is ;-0-32 <Irav:i f.. i cjms.ff>i med embryonic ^l" <•> c 

^ ^7 --40 1 i to r ,j i « < v ^ i< » . • " 1 a< 
;.v-u>>, i C d-d "I^h.^ " : ; . >^;>< : o'i 252.:". 

■ if*»(! bur ^[Mr.it«< *m<? ijot Uukod in. tha fjlaiws. 



